. Synthesis of glycosaminoglycan in adult human articular cartilage in organ culture from patients with rheumatoid arthritis. Hyaline cartilage was obtained from patients undergoing synovectomy of the knee joint for rheumatoid arthritis. Eroded cartilage from beneath the invading pannus and relatively normal cartilage from the same joint were maintained in organ culture for three days. During the first 48 hours in culture the explants were exposed to 35SQ4 in the medium. The equivalent layers of normal and eroded cartilage were analysed for DNA uronic acid and 35SO4 incorporation. There was a decrease in the DNA and uronic acid of the eroded cartilage, although only the latter reached statistical significance. The uptake ofradioactive sulphate was significantly greater in explants taken from the eroded site than from normal areas. This increase in metabolic activity could well be a protective phenomenon.
Normal cartilage is impermeable to large molecules and in particular to immunoglobulins (Maroudas, 1970; Poole, Barratt, and Fell, 1973) and therefore has a somewhat privileged position in the body. Millroy and Poole (1974) have shown that if normal pig cartilage is damaged and the chondrocytes remain viable they are able to reform a protective capsule of metachromatic material. In osteoarthrotic cartilage there is depletion of glycosaminoglycan with an increase in metabolic activity of the chondrocytes (Mankin and Lippiello, 1970) . Articular cartilage is destroyed in rheumatoid arthritis by the invading pannus and recent studies have shown that the enzyme depletion of the cartilage matrix allows large molecules to enter the tissue (Millroy and Poole, 1974) . It is therefore relevant to investigate the activity of the chondrocytes in cartilage that has been eroded by rheumatoid pannus and compare it with chondrocytes in unaffected sites.
Material and methods
The articular cartilage was taken from patients at operation for synovectomy of the knee joint. The cartilage was sliced parallel to the articular surface from the edge of an area ofpannus to include eroded and noneroded areas only where such an area was lateral to the patellar articulation.
Normal cartilage was included in the same slice as the eroded cartilage, so as not to damage the articular surface more than 5 mm from the invading pannus. The cartilage was placed immediately into tissue culture medium BGJ5 (Biggers, Gwatkin, and Heyner, 1961; Reynolds, 1972) and transported to the laboratory at room temperature and cultured after the method of Trowell (1954) , as modified by Dingle, Fell, and Lucy (1966) . The cartilage was cut into cylindrical explants using a sterile hollow biopsy needle having an internal diameter of 3 mm. The explants were maintained for 48 hours in contact with medium BGJ5 with 5 % fetal calf serum and 10 ,pCi 35S04. The cultures were gassed with 20% oxygen, 5% C02, and 75 % nitrogen. Cultures were then lifted off the culture grids and washed in a stream of nonradioactive medium for a further 24-hour culture period. The specimens were maintained at 37°C and control cultures at 40C.
At the end of the cultuie period the explants were frozen and divided into 10 pm sections on a cryostat. Consecutive sections were collected into groups of 50 for analysis and as the explants were all cylindrical the sections were of comparable size. The surface 40 sections from the noneroded cartilage were not included for analysis since this layer had been destroyed by the invading pannus in eroded explants. It is important that equivalent layers are compared since in normal cartilage the surface layers differ from the deeper ones both in structure and metabolism (Jacoby and Jayson, 1975b) . The Glycosaminoglyean in adult human articular cartilage 33 groups of sections were labelled A, B, C, to identify the zone from which they had been taken. For the noneroded explants the first section in batch A was No. 41 from the surface, whereas in the eroded explants the first section in batch A was the top section taken from the block. This agreed with preliminary observations ofsimilar eroded cartilage indicating erosion of about 0 4 mm.
The sections were washed in three changes of ethanol containing 01 % sulphuric acid, and digested in 1 ml of buffered papain (twice crystalized papain (Sigma) 10 ,1 EDTA 0-744 mg, N-acetyl cysteine 0-326 mg phosphate buffer 0 5 mol/l) at 600C for 3 hours. The digest was then divided into aliquots for scintillation counting, DNA content, and uronic acid determination. The radioactive uptake was measured on 50 ,u1 digest with 0 25 ml formic acid and scintillation cocktail: Triton x 1 part (Sigma) NE 233 2 parts (Nuclear Enterprises).
Uronic acid determination was performed on 0-02 ml of the cartilage digest using the method of Bitter and Muir (1962) . We have incubated the glucuronolactone standards with buffered papain and found no difference compared with standards containing no papain.
For DNA estimation a fluorimetric method was used, modified from Prasad and others (1972) . Standards were prepared from calf thymus gland DNA (British Drug Houses). 0-2 ml of the standards were added to 1-8 ml of TRIS buffer pH 8-1 (0-5 mol/l) and reacted with 2 ml of ethidium bromide, 5 pg/mi (Sigma) . The standards and the blank were incubated with papain in the same way as the cartilage explants. 0-2 ml of the cartilage digests were incubated with 0-02 ml RNA-ase, 40 pg/ml (Sigma) . To each of the cartilage digests 1-8 ml of TRIS and 2-0 ml of ethidium bromide were added. The tubes were read on the Aminco Bowman spectrophotofluorimeter with the excitation wavelength set at 480 nm and the fluorescent wavelength at 580 nm.
The control explants maintained at 4°C were washed in ethanol, dried to a constant weight, and digested in papain. Aliquots were used for liquid scintillation counting.
Results
The control cultures maintained at 4°C failed to show significant uptake of 35S04 (Table I ). The counts registered were three times the background counts. This suggests that these chondrocytes were inactive and that the washing in ethanol before papain digestion was effective in removing the sulphate that had not been incorporated into proteoglycans.
VIABILITY OF CULTURES
We have previously shown (Jacoby and Jayson, 1975b) (Poole and others, 1973; Millroy and Poole, 1974; Jacoby and Jayson, 1975a, b) . All these workers have used an identical model to study the behaviour of living cartilage in organ culture. The cartilage was obtained at synovectomy since the joint surfaces showed both eroded and noneroded cartilage. In patients undergoing total knee replacement for rheumatoid arthritis the cartilage is virtually (Dziewiatkowski, 1966) . The analysis of uronic acid content only relates to chrondroitin sulphate and not to keratan sulphate. The distribution of the 35SQ4 between these two polyanions is not of great importance in this context, even though Mankin and Lippiello (1971) have shown that osteoarthrotic chondrocytes manufacture more chondroitin sulphate than normal areas. Cartilage obtains many of its physical properties from the intracellular proteoglycan. The turnover of this matrix component has been measured by Mankin and Lippiello (1969) and Maroudas and Evans (1974) . However, it has not been studied in rheumatoid arthritis. Proteoglycan protects the chondrocytes when the cartilage matrix has been damaged by enzymes (Millroy and Poole, 1974) . This study has shown that where the matrix has been eroded over them, the chondrocytes synthesize more proteoglycan than in noneroded cartilage. This could be a protective phenomenon. Maroudas and Evans (1974) have suggested that the diffusion of sulphate into the cartilage is inversely proportional to the glycosaminoglycan content. Since this is lower in the eroded cartilage, this might account for some of the observed differences that were found.
Not only the depth from the joint surface but also the region of the joint from which the cartilage was removed may be important. The glycosaminoglycan content varies from one area to another (Jacoby and Jayson, 1975a) and with increasing depth from the surface (Stockwell and Scott, 1967) . As far as possible we matched the sections from eroded cartilage with equivalent sections from normal areas. The depth from the surface and the region from which the two types of cartilage were obtained were equivalent.
In this paper we have been comparing the incorporation of radiosulphate into proteoglycan which is an accummulative process. The diffusion of ions into cartilage is a passive process, which does not depend on living chondrocytes (Maroudas and Evans, 1974) . These workers have shown that incorporation is linear up to 8 hours and then falls after this time. The rate of diffusion is not important in this experiment as long as this is similar in the test and control systems. The incubation time with 35S04 is considerably longer than that used by previous workers (Mankin and Lippiello, 1970; Maroudas and Evans, 1974 (Millroy and Poole, 1974) . Furthermore, proteoglycan depleted cartilage is more easily compressed under load than normal (Freeman and Kempson, 1973) , therefore, in eroded cartilage, the chondrocytes are more liable to become damaged as the proteoglycan content delcines.
The increase in proteoglycan synthesis could also be seen as a negative feedback response to proteoglycan depletion. It is possible that in osteoarthrosis (Mankin and Lippiello, 1970) and rheumatoid arthritis the chondrocytes are able to detect proteoglycan depletion in the surrounding matrix. There is experimental evidence to suggest that chondrocytes can detect proteoglycan loss. Fitton-Jackson (1967) showed a similar response in embryonic chick bone cartilage exposed to hyaluronidase in the culture medium. Also Bosmann (1968) found an increased synthesis ofproteoglycan in embryonic chick cartilage exposed to papain in the culture medium. Although the chondrocytes synthesized more proteoglycan after being exposed to these enzymes, the proteoglycan reappeared more rapidly in the medium. This was in spite of the fact that the enzyme was no longer in contact with the explants. It is therefore possible that in eroded rheumatoid cartilage, proteoglycan manufacture is not only greater than the noneroded cartilage, but more inefficient. If this is indeed the case, perhaps on theoretical grounds treatment of rheumatoid erosions should be designed to reduce the breakdown of newly formed proteoglycan, rather than stimulate the chondrocytes to produce more proteoglycan.
